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Abstract 
Uniform Polyurethane/silica hybrid aerogels were achieved at ambient pressure via an approach in which an aqueous 
polyurethane dispersion was used and the hybridization step carried out before gelation step. The FT-IR spectra confirmed the 
incorporation of polymer chains into the silica network and hybrid network formation. 
As the H2O/TEOS molar ratio increased after hybridization in this method, the effect of H2O/TEOS molar ratio changes and PU 
content on the density of hybrid aerogels was investigated separately. The density of native silica aerogels decreases commonly 
with increasing the water content while increasing the aqueous PU dispersion content increases the density of hybrid aerogels. 
The density difference between the hybrid aerogel sample with a certain aqueous PU dispersion and the similar native silica 
aerogel with the same H2O/TEOS molar ratio demonstrated the intensive polyurethane chain effect on the aerogel density. The 
results showed that the simultaneous increase of H2O/TEOS molar ratio and PU content could be led to the uniform structure of 
hybrid aerogels. However, the effect of polyurethane on the aerogel density was more sensitive than H2O/TEOS molar ratio 
effect especially in high polyurethane content (≥10 wt.%) that increased  the density of hybrid aerogels. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
Silica aerogel with outstanding properties namely high porosity, low density, large surface area and very low 
thermal conductivity has been found usage in widespread applications in recent years. However, its high porosity 
leads to the brittleness and low mechanical properties of silica aerogels which has restricted the commercial use of 
these materials, Shi et al. (2006), Zhang et al. (2009), Ge et al. (2009), Leventis (2007). 
Nowadays organic-inorganic hybrid aerogels have interested many researchers because of their improved 
properties, Maleki et al. (2014), Kanamori (2011), He et al. (2015), Özbakıra et al. (2015). In the most of research 
works on the hybrid aerogels, the hybridization involved a postgelation step in which the reinforcing polymer were 
introduced to silica network after the gelation step. However, the slow diffusion of polymer chains to the gel caused 
the non-uniform coating of performed silica network and the long time of the process in this method, Leventis et al. 
(2002). 
Polyurethanes are often used for reinforcing the inorganic network of silica aerogels due their stiffness, Lai et al. 
(2005), Duan et al. (2013). Meera et al. (2013) synthesized polyurethane/siloxane films using castor oil and APTMS 
and found that the obtained hybrid films enjoyed good thermal stability. Duan et al. (2013) introduced polyurethane 
into the inorganic network of silica aerogel using APTES as a cross-linking agent to prepare the hybrid silica aerogel 
in the reduced total time of the process.  
  In view of the above, a uniform hybrid PU/silica aerogel was synthesized using an aqueous polyurethane 
dispersion by an approach in which the hybridization step was performed before the gelation step. On the other 
hand, H2O/TEOS molar ratio which affected the pore structure and physical properties of aerogel was increased 
after hybridization because of using aqueous polyurethane dispersion, Talebi Mazraeh-shahi et al. (2015).  
 In this work, hybrid aerogels obtained with different ratio of aqueous polyurethane dispersion while the similar 
native silica aerogel synthesized with the same H2O/TEOS molar ratio to study the effect of H2O/TEOS molar ratio 
and polyurethane on silica aerogel properties separately. 
 
Nomenclature 
 
TEOS      Tetraethoxysilane  
TMCS        Trimethylchlorosilane   
PU      Polyurethane 
APTES       Aminopropyltriethoxysilane 
 
2. Experimental 
Tetraethoxysilane (TEOS) and Trimethylchlorosilane (TMCS) were given from Merck Co. The solvents were 
supplied from Scharlau Co. For preparing hybrid PU/silica aerogels, an aqueous polyurethane dispersion (Evo Fin 
PUS from DyStar Co.) having the 25 % polyurethane with molecular weight of 61000 g/mol and 88% hard segment 
was used. 
The native and hybrid PU/silica aerogels were synthesized by two-step catalyzed sol-gel process based on our 
described work, Talebi Mazraeh-shahi et al. (2013). After hydrolysis step, the different weight percentages of 
aqueous polyurethane dispersion were added to silica sol in hybridization step for preparing the hybrid aerogel 
samples. But for the similar native silica aerogel samples, the same water content was added to silica sol in this step. 
Other following steps for preparing the samples were performed according to our previous work, Talebi Mazraeh-
shahi et al. (2013). The sample codes and their synthesis conditions are given in Table 1. FTIR spectras of the 
aerogels and polyurethane in the range of 1500-1900 cm-1 were investigated by a spectrometer (FTIR, Thermo 
Nicolet Nexus 670, USA). The bulk density of native and hybrid aerogel samples was calculated from the mass to 
volume ratio experimentally from 4 measurements. 
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                Table 1. Synthesis conditions used in preparation of native and hybrid silica aerogel samples. 
 
Samples code 
 
PU dispersion/silica sol ratio 
(v/v%) 
 
PU/TEOS 
ratio (wt%) 
 
TEOS/H2O 
molar ratio 
 
 
 
Native silica aerogels 
A-0 0 0 1:3.5 
A-W-3 0 0 1:4.1 
A-W-5 0 0 1:4.6 
A-W-10 0 0 1:5.8 
A-W-20 0 0 1:8.6 
 A-PU-3 3 1.5 1:4.1 
 A-PU-5 5 2.5 1:4.6 
Hybrid silica aerogels A-PU-10 10 6 1:5.8 
 A-PU-15 15 9 1:7.1 
 A-PU-20 20 12 1:8.6 
3. Results and Discussion 
The native and hybrid PU/silica aerogels were synthesized via a two-step catalyzed sol-gel followed by ambient 
pressure drying conditions. Uniform hybrid aerogels were achieved by a procedure in which the hybridization step 
was carried out before gelation leading to the nonuniformity of hybrid network due to slow diffusion of polymer 
chains in postgelation was avoided. FE-SEM morphology of hybrid aerogel samples studied in our previous work 
was exhibited the uniform porous network structure for obtained PU/silica hybrid aerogels, Talebi Mazraeh-shahi et 
al. (2015). 
In Fig. 1, the characteristic peak of C=O vibrations in the polyurethane dispersion appear at 1717 cm-1. While 
The C=O peak position in the hybrid PU/silica aerogel samples shifted to lower wavenumbers and can be seen as a 
shoulder at around 1695 cm-1 which confirmed the incorporation of the polyurethane into the silica network, Duan et 
al. (2013), Talebi Mazraeh-shahi et al. (2015), Lai et al. (2005). 
 
Fig. 1.  FTIR spectra of aqueous polyurethane dispersion and hybrid silica aerogels. 
 
On the other hand, the most researches on organic-inorganic hybrid aerogels displayed that introducing the 
organic component such as polymer chains to the silica gel network influenced the aerogel pore structure drastically 
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and increased the density of obtained hybrid aerogel compared to the native silica aerogel, Leventis (2007), Maleki 
et al. (2014), Özbakıra et al. (2015), Kanamori (2011). In this approach, an aqueous polyurethane dispersion 
containing the 75% water was used for hybridization step which increased the H2O/TEOS molar ratio and decreased 
the polymer effect on aerogel pore structure. This contributed to the acceleration of sol-gel reactions and further 
develops of silica network due to increasing of the H2O/TEOS molar ratio which resulted in the reduced density. 
The effect of the H2O/TEOS molar ratio changes and polyurethane content on the structure and properties of 
silica aerogel was investigated simultaneously in our previous work in details, Talebi Mazraeh-shahi et al. (2015). 
However the native silica aerogel samples are prepared similar to the PU/silica hybrid aerogels with the same water 
content to study the effect of polyurethane content and H2O/TEOS molar ratio separately in more details. For this 
aim the density of native and hybrid silica aerogel samples were determined and can be seen in Fig. 2. The density 
of aerogels is given as a function of aqueous PU dispersion content for hybrid aerogels and as a function of the same 
water content for similar native silica aerogels. Fig. 2 shows that the density of native silica aerogels decreases 
commonly with increasing in the water content while increasing the aqueous PU dispersion content increases the 
density of similar hybrid aerogels. The density difference between the hybrid aerogel sample with a certain aqueous 
PU dispersion and the similar native silica aerogel with the same H2O/TEOS molar ratio demonstrates the intensive 
polyurethane chain effect on the aerogel density. 
At high aqueous polyurethane dispersion contents, the effect of polyurethane is more sensitive than H2O/TEOS 
molar ratio effect leading to the porosity and specific surface area of hybrid aerogels decreases intensively compared 
to native silica aerogel, Lai et al. (2005), Meera et al. (2013). 
 
 
 
Fig. 2. Density of hybrid and native silica aerogels. 
4. Conclusion 
The uniform hybrid PU/silica aerogel was synthesized by an approach in which an aqueous polyurethane 
dispersion was used for incorporation of polymer chains into the silica network which confirmed by the FT-IR 
spectra. Also, the hybridization step is performed before gel formation in this method. The effect of polyurethane 
content and H2O/TEOS molar ratio on the density of hybrid silica aerogel samples was separately investigated. The 
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density difference between the hybrid aerogel sample and the similar native silica aerogel displayed the effect of 
polyurethane on the aerogel density is more sensitive than H2O/TEOS molar ratio effect. 
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